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Your Patent Application is Enclosed for Review and Execution 

The above-identified patent application has been revised and is enclosed and should be 
reviewed for accuracy. In this regard, it is particularly important that the application include a 
clear explanation of the best mode of practicing the various aspects of the invention for which 
patent protection is desired. It is also extremely important that the application completely 
describe the invention and explain to an individual of ordinary skill in the. art everything that 
will be required to make and use the invention. 

In addition, the claims at the end of the specification must particularly point out and distinctly 
claim the subject matter of the invention. The claims should cover the invention in its 
broadest aspects and also more specifically. The broadest claims, claims 1, 8, 9, 11, 20, and 
21, should recite only the essential features of the invention. Review these claims for any 
element which could be eliminated without losing the essence of the invention. The remaining 
claims contain additional elements which further limit the claimed scope of the invention. 
Therefore, check for and note, any limitation which is unnecessary to describe the inventive 
concept. 

Please ensure that all pertinent aspects are illustrated in the drawings . All elements of the 
claims must appear in the drawings. If there are any additions to the drawings that are 
necessary or will help clarify or explain the invention, please let me know. 

If the application is acceptable, the Declaration at the end of the application must be dated and 
signed so that the typed name and signature are exactly the same. If changes in the application 
are needed, please call me. Also enclosed is an Assignment of the invention to Conexant 
Systems, Inc., which must be signed and dated in the presence of a Notary Public . 
A Notary Public is available in Conexant's legal department. 

Keep in mind that the application needs to be filed no later than the one-year anniversary of 
the first description of the invention in a printed publication in the U.S. or a foreign country or 
the first public use, sale or offer for sale of the invention in the U.S. However, if you are 
interested in filing foreign applications, we should file the U.S. application before any public 
disclosure. 

The Duty of Disclosure Requires thattftYe Submit Prior Art to 
the Patent Office Within Three Monthi&f Filing this Application 

So that you might prepare for the next step in the patent application process, you should be 
aware that the law imposes a duty on the inventor, the patent attorney, any assignee company, 
and anyone else who is substantially involved in the preparation or prosecution of the patent 
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application. The duty is one of candor and good faith to disclose to the U.S. Patent and 
Trademark Office all information of which these people are aware which is material to the 
examination of the patent application. If the duty is not properly fulfilled, any patent issuing 
from the application may be found invalid. 

We ask that you gather together and forward to us all documents, articles, videos, brochures, 
advertisements, etc., about devices, whether or not they were sold commercially, which were 
used or described in public by you or others, which have some reasonable similarity to your 
invention. 

Summary 

In summary, please return to me, byflH^HjjjHHfrthe executed Declaration and 
Assignment documents, along with tn^atentapplication , for filing in the U.S. Patent and 
Trademark Office. 

As you may know, the filing will then begin a twelve month option period during which it may 
be possible to file applications in most foreign countries. There are, however, exceptions, so 
please notify us as soon as possible with any plans or questions about foreign filing. (In 
particular note that in Canada an application must be filed within one year of any public 
disclosure). 

Should you have any questions or comments, please contact us. Thank you for allowing us to 
be of service to you in this matter. 

Very truly yours, 



Ted R. Rittmaster 

TRR/jlk . 

Enclosures: 

Patent Application 

Declaration 

Assignment 

cc: . Sharley Torn (wo/e) 
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APPARATUS AND METHODS FOR INITIALIZING 
INTEGRATED CIRCUIT ADDRESSES 



Background of the Invention 



5 1 . Technical Field < 

The invention pertains to communication among a controller and integrated 
circuits, and in particular embodiments, to initializing integrated circuit addresses. 

2. Related Art 



operate in conjunction with a controller. In such devices, it is necessary to provide 
a manner of communicating data between the controller and the ICs. In the 
interests of miniaturization, it is typically undesirable to use separate dedicated 
communication lines between each IC and the controller. As a result, a shared bus 

15 approach is preferred for most applications. 

An example of a conventional shared bus system is illustrated in Figure 1 . 
The system includes a controller 10 and several integrated circuits (ICs) 12, 14, 16. 
The integrated circuits may be any of a variety of well known types of ICs including 
application specific integrated circuits (ASICs), digital signal processors (DSPs), 

20 mixed signal processors, and microprocessors. Although three ICs are shown in 
Figure 1 , the number will vary depending on the application. 

The controller communicates data to and from the ICs through a shared bus 
18. In order to distinguish communications on the shared bus, each IC is assigned 
a unique address. The address of each IC is initialized during system initialization. 

25 In the system shown in Figure 1 , a four bit address is communicated to each IC in 
the form of single bits provided on individual dedicated address lines 20. However, 
as seen in Figure 1 , the system requires separate address lines for each IC, and 
each address line occupies a separate pin of the controller and of an IC. This 
arrangement is undesirable because pins are scarce in miniaturized circuits, and the 

30 pins used for the address lines in the conventional system are typically not used for 



10 



Microelectronic devices may include multiple integrated circuits (ICs) that 
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any further purpose. Consider that, for example, if it is desired to use sixteen ICs, 
a total of 64 individual address lines would be required, occupying 64 pins of the 
controller and four pins of each IC. This eliminates valuable resources at both the 
controller and the ICs, and may limit the number of ICs that can be used in a given 
5 system to a number that is less than would otherwise be desired. 

In an alternative to the system of Figure 1 , addresses may be preassigned to 
each IC by tying address pins of each IC to high or low levels. While this eliminates 
the need to occupy pins on the controller, it still occupies a large number of pins on 
each IC, and it complicates the manufacturing process by requiring manual address 
10 configuration during manufacturing, since the ability to configure IC addresses 
during operation is eliminated. 

Summary 

Embodiments of the invention provide systems that optimize the number of 
15 pins required to assign addresses to ICs in a multiple IC shared bus system. Further 
embodiments of the invention provide processes within multiple IC shared bus 
systems that assign addresses to ICs in a manner that minimizes the number of 
pins required. 

In accordance with an embodiment of the invention, a system includes a 
20 controller and multiple ICs. The ICs communicate with the controller over a shared 
bus. The ICs are further joined to an output of the controller in a daisy chain 
configuration. In accordance with one embodiment of the invention, the controller 
produces address data that is sent to a first IC through the daisy chain connection. 
The IC stores the address in its address register and provides incremented address 
25 data to the next IC in the daisy chain. In accordance with another embodiment of 
the invention, the controller produces an enable signal that is sent to a first IC 
through a daisy chain link. At the same time, address data for the first IC is 
provided on the shared bus. In response to the enable signal, the IC stores the 
address on the shared bus in its address register. The enable signal is thereafter 
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propagated to successive ICs over daisy chain links in conjunction with successive 
addresses provided on the shared bus. 

Other systems, methods, features and advantages of the invention will be or 
will become apparent to one with skill in the art upon examination of the following 
5 figures and detailed description. It is intended that all such additional systems, 

methods, features and advantages be included within this description, be within the 
scope of the invention, arid be protected by the accompanying claims. 

Brief Description of the Figures 
10 The invention can be better understood with reference to the following 

figures. The components in the figures are not necessarily to scale, emphasis 
instead being placed upon illustrating the principles of the invention. Moreover, in 
the figures, like reference numerals designate corresponding parts throughout the 
different views. 

15 Figure 1 is an illustration of a conventional multiple IC shared bus system; 

Figure 2 is an illustration of a multiple IC shared bus system in accordance 
with an embodiment of the invention; 

Figure 3 is an illustration of an IC in accordance with a first embodiment of 
the invention; 

20 Figure 4 is an illustration of a process in accordance with the embodiment of 

Figure 3; 

Figure 5 is an illustration of an IC and corresponding timing diagram in 
accordance with a second embodiment of the invention; and 

Figure 6 is an illustration of a process in accordance with the embodiment of 
25 Figure 5. 

Detailed Description 

A system in accordance with an embodiment of the invention, is illustrated in 
Figure 2. In the system of Figure 2, multiple ICs 22, 24, 26 communicate with a 
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controller 10 through a shared bus 18. The ICs are also joined to an output 28 of 
the controller in a daisy chain configuration by daisy chain links 30, 32, 34. Each 
IC includes an input for receiving a signal on a link of the daisy chain and an output 
for providing a signal on a link of the daisy chain. The daisy chain links are used for 
5 address initialization. Thus only one controller pin and two IC pins are used for 
address initialization. 

The ICs of a system in accordance with Figure 2 may be structured in 
various manners to utilize the daisy chain configuration for address initialization. 
Figure 3 shows one embodiment of an integrated circuit that may be employed in a 

10 system as illustrated in Figure 2. In accordance with this embodiment, the daisy 
chain link is used for conveying address data 40 to the ICs. Each IC includes an 
input 42 for receiving address data 40 and an output 44 for providing incremented 
address data 46. Each IC further includes an address register 48 where received 
address data is stored, and output generator logic 50 that increments the stored 

15 address. In accordance with this embodiment, a storage medium (not shown) in 
communication with a controller TO as shown in Figure 2 stores programming 
instructions for instructing the controller 1 0 to produce first address data on the 
controller output 28. The storage medium is preferably, but not limited to, a non- 
volatile memory device such as a ROM or flash memory. 

20 Figure 4 illustrates an address/initialization process performed in a system as 

illustrated in Figure 2 and using ICs as illustrated in Figure 3. In this process, the 
controller initially generates first address data on an output line that is connected to 
the input of a first IC (52). The address data represents the address of the first IC. 
The address data may take a variety of forms, for example, a series of pulses equal 

25 in number to the value of the address, or a serially transmitted multi-bit binary 

address word. The address data is received at the input of the IC (54) and is stored 
in the address register (56). The address data is also provided to the output 
generator logic, which increments the stored address value (58) and provides the 
incremented address data to the output (60). The output port drives a link in the 
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daisy chain connecting the first IC to the second IC in the daisy chain. The second 
IC in turn receives the address data (62), stores that address in its address register 
(64), further increments the stored address (66), and provides the incremented 
address at the daisy chain output from which it is conveyed to a next consecutive 
5 IC (68). Thus, upon generating an address of an initial IC at the controller, a series 
of consecutive addresses is automatically propagated down the chain of ICs in a 
cascading fashion without further intervention from the controller. 

The logic within the IC for processing the input address data signal and 
generating the output data will vary with the type of address data signal employed. 

10 For example, if the address data is represented by a series of pulses, a counter may 
be employed to sum the pulses to provide a binary address for storage in the 
address register. Further logic circuitry may be employed, for example, to 
decrement the counter sum by one to enable storage of a zero address in response 
to receipt of a single pulse as address data. The output generator may then 

15 increment the value stored in the register by two and produce a corresponding 
number of pulses. 

Alternatively, if the address data is provided in the form of a binary word, the 
address register may simply store the received binary word, and the output 
generator logic may increment the binary word and provide the incremented binary 
20 word as output. 

Those having ordinary skill in the art of microelectronics are capable of 
designing a variety of logic circuits that may be employed for the aforementioned 
purposes. 

In further embodiments, an IC as shown in Figure 3 may comprise a 
25 processor with associated memory storing programming instructions for performing 
the functions of the logic circuits previously described with respect to Figure 3. 
Thus, the IC may be programmed to receive address data at a daisy chain input, 
store the address data as the address of the IC in an address register, increment the 
address data, and provide the incremented address data at a daisy chain output. 
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Figure 5 shows an alternative embodiment of an integrated circuit that may 
be employed in the system illustrated in Figure 2. In accordance with this 
embodiment, the shared bus is used for distributing address data to the ICs, and 
the daisy chain link is used for distributing an enable signal that enables an IC to 
5 store an address present on the shared bus. Each IC includes an input 72 for 

receiving an input enable signal 70 and an output 74 for providing an output enable 
signal 76. Each IC also includes an address register 78 where address data 80 
received on the shared bus through a shared bus input 82 is stored. Each IC 
further includes enable signal generator logic 84 that generates an enable signal at 

10 the output in conjunction with a change in the address data present on the shared 
bus. Preferred timing of the output enable signal 76 relative to the address data on 
the shared bus is shown in the timing diagram of Figure 5. In the daisy chain 
configuration, the output signal shown in the timing diagram will typically 
constitute the input signal received by a succeeding IC. Thus, in the embodiment 

15 of Figure 5, the ICs are successively enabled to store an address at each change of 
the address data on the shared bus. 

Further in accordance with this embodiment, the controller is programmed to 
produce a series of addresses on the shared bus and to produce an enable signal on 
an output in conjunction with a first address of the series of addresses. 

20 Programming instructions for causing the controller to produce these signals may 
be stored in a storage medium (not shown) in communication with the controller. 
The storage medium is preferably, but not limited to, a non-volatile memory device 
such as a ROM or flash memory. 

Figure 6 illustrates an address initialization process performed in a system as 

25 illustrated in Figure 2 and using ICs as illustrated in Figure 5. Initially, the controller 
generates an enable signal on its daisy chain output (100), and generates a first 
address on the shared bus (102). Although Figure 6 shows the enable signal being 
generated prior to the first address signal, the order of these two signals is 
immaterial so long as they coincide. The enable signal is received by a first IC on 
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its daisy chain input (104), and the address data is received by the first IC on the 
shared bus (106). Upon coincidence of the enable signal and the address data, the 
first IC stores the address in its address register (108). 

The controller thereafter generates a second address on the shared bus 
5 (1 10), and the first IC generates an enable signal at its daisy chain output in 

conjunction with the change of address data on the shared bus (112). The enable 
signal is received by a second IC on its daisy chain input (114), and the address 
data is received by the second IC on the shared bus (1 16). Since the enable signal 
is present, the second IC stores the address in its address register (1 18). The 

10 controller thereafter generates a third address on the shared bus (120), and the 
second IC generates an enable signal at its daisy chain output in conjunction with 
the change of address data on the shared bus (122). In this manner, the enable 
signal is propagated to each successive IC in conjunction with the changes of 
address on the shared bus, allowing each IC to store a consecutive one of the 
A 15 addresses in its address register. 

The enable signal generator logic 84 of the ICs may be implemented in a 
variety of manners. In one embodiment, the enable signal generator logic 84 may 
comprise a timer that is initialized upon receipt of the enable signal 70, and that 
generates an enable signal 76 after a period of time that coincides with the rate at 

20 which address data is changed on the shared bus. In a preferred embodiment, the 
enable signal generator logic 84 receives the input signal 70 and shared bus signals 
as inputs, and produces an output enable signal 76 upon detecting the first change 
in address data after receiving the input enable signal 70. In this manner, enable 
signals are not propagated until new address data for the next consecutive IC is 

25 available on the shared bus. Thus the enable signals are synchronized with the 

data rate on the shared bus, eliminating timing problems that could occur in a timer 
based implementation. 
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Those having ordinary skill in the art of microelectronics are capable of 
designing a variety of logic circuits that may be employed for the aforementioned 
purposes. 

In further embodiments, an IC as shown in Figure 5 may comprise a 
5 processor with associated memory storing programming instructions for performing 
the functions of the logic circuits previously described with respect to Figure 5. 
Thus, the IC may be programmed to initialize a timer upon receipt of an enable 
signal, and generate an enable signal upon expiration of the timer. Alternatively, 
the IC may be programmed to receive an enable signal at a daisy chain input, store 
10 address data present on the shared bus as the address of the IC in response to the 
enable signal, detect a change in the address data on the shared bus, and generate 
an enable signal at a daisy chain output. 

While various embodiments of the invention have been described, it will be 
apparent to those of ordinary skill in the art that many more embodiments and 
15 implementations are possible that are within the scope of this invention. 

Accordingly, the invention is not to be restricted except in light of the attached 
claims and their equivalents. 
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Claims 



What is claimed is: 




An electronic device com 



rising: 



controller programmed to procuce first address data on an output thereof; 
plurality of integrated circuits JCs) addressable by the controller; and 
a shared bus joining the controllsr and the plurality of ICs; 
wherein each of the ICs comprh es an input for receiving address data 
representing an address of the IC on t le shared bus, and an output for providing 
incremented address data, and 

wherein the input of a first IC communicates with the output of the controller 
and the inputs of succeeding ICs communicate with the outputs of preceding ICs in 
a daisy chain configuration. 

2. The electronic device claimed in claim 1, wherein each of the ICs 
further comprises a processor programmed to receive address data at the input, 
store the address data as the addresjs of the IC, increment the address data, and 
provide the incremented address data at the output 



3. The electronic device claimed in claim 1, wherein each of the ICs 
further comprises an address register for storing address data received at its input, 
and output generator logic for incrementing the address data. 

4. The electronic device claimed in claim 1 , wherein each of the ICs 

j 

further comprises means for receiving address data at the input, storing the address 
data as the address of the IC, incrementing the address data, and providing the 



incremented address data at the output. 



\J claim 1, 
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5. The electronic device claimed in claim 1, wherein the address data 
comprises a binary word. 

6. The electronic device claimed jn claim 1 , wherein the address data 
5 comprises a series of pulses representing an address value. 

7. The electronic device claimed in claim 1 , further comprising a storage 
medium in communication with the controller and having stored therein 
programming instructions for instructing jhe controller to produce first address data 

10 on the output thereof. 

8. An electronic device comprising: 

means for generating first address data at an output of a controller; 
means for receiving the first address data at an input of a first IC; 
15 means for storing the first address data in the first IC as an address of the 

first IC; J 

means for incrementing the first address data in the first IC to produce first 
incremented address data; and i 

means for providing the first incremented address data to a second IC 
20 through an output of the first IC. 

9. A method for initializing addresses of a plurality of integrated circuits, 



comprising: 

generating first address data at an output of a controller; 

25 receiving the first address data at an input of a first IC; 

« 

storing the first address data in an address register of the first IC; 
incrementing the first address data in the first IC to produce first incremented 
address data; and j ' 



f 
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providing the first incremented address/data to a second IC through an 
output of the first IC. 

10. The method for initializing claimed in claim 9, further comprising: 
5 receiving the first incremented address data at an input of a second IC; 

storing the first incremented address data in an address register of the 
second IC; 

incrementing the first incremented address data in the second IC to produce 
second incremented address data; and / 
10 providing the second incremented address data at an output of the second 

IC. 

11. An electronic device comprising: 
a controller; / 

15 a plurality of integrated circuits (ICs) addressable by the controller; and 

I 

a shared bus joining the controller and the plurality of integrated circuits; 

wherein the controller is programmed to produce a series of addresses on the 

/ 

shared bus and to produce an enable signal on an output in conjunction with a first 
address of the series of addresses, 
20 wherein each of the ICs ccjmprises an input for receiving an enable signal and 

an output for providing an enable signal in conjunction with a change in address 



data on the shared bus, and means for storing an address present on the shared 
bus as an address of the IC in response to receiving an enable signal, and 

wherein the input of a first IC communicates with the output of the controller 
25 and the inputs of succeeding ids communicate with the outputs of preceding ICs in 
a daisy chain configuration. 
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12. The electronic device claimed in c\k\m 1 1 , wherein each of said ICs 
further comprises a first logic circuit for storing an address present on the shared 
bus as an address of the IC upon receipt of amenable signal. 



10 



15 



20 



13. The electronic device claimed in claim 12, wherein each of said ICs 
further comprises a second logic circuit for generating an enable signal in 
conjunction with a change in address data oh' the shared bus. 



1 4. The electronic device claimed in 



circuit comprises a timer that is initialized upon receipt of an input enable signal, 



and that generates an output enable signal a 
a rate of address data on the shared bus. 



claim 13, wherein said second logic 



ter a period of time that coincides with 



1 5. The electronic device claimed in claim 1 3, wherein said second logic 

circuit produces an output enable signal upJn detecting a first change in address 

| ■ 

data on the shared bus after receiving an input enable signal. 



16. The electronic device claimed n claim 1 1 , wherein each of said ICs 
comprises a processor programmed to initialize a timer upon receipt of an enable 
signal, and generate an enable signal upon jexpiration of the timer. 



17. The electronic device claimed in claim 1 1, wherein each of said ICs 
comprises a processor programmed to receive an enable signal at the input, store 



25 address data present on the shared bus as 



the address of the IC in response to the 



enable signal, detect a change in the address data on the shared bus, and generate 



an enable signal at the output in response 



to the change in the address data. 
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18. The electronic device claimed in claim 1 1, wherein each of said ICs 
comprises: 

means for receiving an enable sighal at the input; and 
means for generating an enable gignal at the output in conjunction with the 
5 change in the address data. 

1 9. The electronic device claimed in claim 1 1 , further comprising a storage 
medium in communication with the controller and having stored therein 
programming instructions for instructing the controller to produce a series of 

10 addresses on the shared bus and to/produce an enable signal on an output in 
conjunction with a first address of the series of addresses. 



20. An electronic device comprising: 

means for generating an enable signal at an output of a controller and 
15 generating first address data on ajshared bus; 

means for receiving the enable signal generated at the output of the 
controller at an input of a first 

means for receiving the first address data at a shared bus input of the first 

IC; 

20 means for storing the first address data in an address register of the first IC 

upon coincidence of the enabl J signal and the first address data; and 

/ 

means for providing an enable signal at an output of the first IC to an input 
of a second IC in conjunction .with a change in address data on the shared bus. 



25 21 . A method for initializing addresses of a plurality of integrated circuits, 

comprising: j 

generating an enable signal at an output of a controller and generating first 
address data on a shared bus; 
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receiving the enable signal generatecf at the output of the controller at an 
input of a first IC; 

receiving the first address data at a[ shared bus input of the first IC; 
storing the first address data in an/address register of the first IC upon 
5 coincidence of the enable signal and the /first address data; and 

providing an enable signal at an output of the first IC to an input of a second 
IC in conjunction with a change in address data on the shared bus. 



22. A method as claimed in cjaim 19, further comprising: 
10 receiving the enable signal prov/ded at the output of the first IC at the input 

of a second IC; 

storing a second address data present on the shared bus in an address 
register of the second IC; and 

generating an enable signal at' an output of the second IC in conjunction with 
15 a change in address data present on the shared bus. 



23. The method claimed in claim 21, wherein generating the enable signal 
at the output of the first IC comprises initializing a timer upon receipt of the enable 
signal at the input of the first IC, and generating the enable signal at the output 
20 upon expiration of the timer. 



24. The method claimed in claim 21, wherein the enable signal is 
generated at the output of the first IC upon detection of a change in address data 
after receiving an enable signal at the input of the first !C. 
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APPARATUS AND METHODS FOR INITIALIZING 
INTEGRATED CIRCUIT ADDRESSES 

5 

Abstract 

Multiple ICs communicate with a controller through a shared bus. The ICs 
are also joined to an output of the controller in a daisy chain configuration. Each IC 

10 includes an input for receiving a signal on a link of the daisy chain and an output for 
providing a signal on a link of the daisy chain. The daisy chain links are used for 
address initialization. Thus only one controller pin and two IC pins are required for 
address initialization. The daisy chain links may be used for distributing address 
data, or may be used for distributing an enable signal that allows an IC to store 

15 address data provided on the shared bus. 
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